Fontanelle Ventriculography
This procedure is usually performed and the presence of subdural effusions may be excluded. A small volume of air is injected, sufficient to show the degree of hydrocephalus and to trace the communicating pathways to the subarachnoid space. Ventriculography may be supplemented by lumbar encephalography in cases of aqueduct stenosis to confirm the diagnosis and to show if there is an associated basal cistern block. In cases of hydrocephalus due to basal cistern block complete demonstration of the fourth ventricle by ventriculography is often difficult. In these cases the ventricular system is emptied of air into the spinal subarachnoid space and the child is then placed rapidly in the encephalographic position. The air in the spinal subarachnoid space will then be utilized as if it had been injected by lumbar puncture.
Radiological Findings in Specific Forms ofHydrocephalus Basal cistern block: In addition to the findings described above there may be a characteristic flattening of the infundibular recess due to dilatation of the interpeduncular cistern. In addition, the whole of the anterior part of the third ventricle may lie much further forwards than is normal. Loculation of fluid in a cistern is not uncommon and this occurs most frequently in the quadrigeminal plate cistern when the aqueduct and fourth ventricle show deformity characteristic of a midbrain tumour. Loculation also occurs in the cisterna magna and in the ambient or chiasmatic cisterns. Loculation in the cisterna magna has to be distinguished from the Dandy-Walker syndrome. In the latter, plain films show characteristic expansion and thinning of the posterior fossa with elevation of the grooves for the lateral sinuses.
Arnold-Chiari malformation: Many of the radiological signs of the Arnold-Chiari malformation are well known. The elongation of the aqueduct and fourth ventricle, the latter extending into the upper cervical spinal canal, is quite characteristic. There is nearly always deformity of the anterior part of the third ventricle due to the presence of an abnormal commissure. A diverticulum is present in the region of the lamina terminalis. This sign was described in greater detail at the VIII Symposium Neuroradiologicum, Paris 1967.
Choroid plexus papilloma of the lateral ventricle:
The difficulties of making this diagnosis have already been described elsewhere (Laurence et al. 1961 ) as the tumour, which is frequently pedunculated, sinks in the cerebrospinal fluid away from the air which has been introduced into the lateral ventricle, or it may become impacted in the temporal horn and failure to demonstrate this part of the lateral ventricle will result in the diagnosis being overlooked. As was pointed out, these are vascular tumours which may be shown by angiography. Raimondi & White (1967) investigate hydrocephalus by total cerebral angiography, contrast being injected into the right brachial artery. The diagnosis of hydrocephalus may be confirmed and it is possible to differentiate some of the different types.
Aqueduct stenosis: In some of the cases of aqueduct stenosis there is an abnormal communication between the posterior part of the third ventricle and one of the lateral ventricles. In these cases demonstration of the posterior part of the third ventricle is difficult because air passes back from the third ventricle into the lateral ventricles when the infant's head is placed prone. The communication may be verified by positive contrast ventriculography and lumbar encephalography is necessary to establish the diagnosis beyond doubt.
Dr K M Laurence (Department ofChild Health, Welsh National School ofMedicine, Llandough Hospital, Penarth)
Brain Damage in Hydrocephalic Patients
This study was based on the survivors of the series of 182 unoperated cases of hydrocephalus from the Hospital for Sick Children and the Atkinson Morley Hospital, London, who had been followed up and who had psychometric testing in 1957 and 1958, the results of which have been reported previously (Laurence 1958 , Laurence & Coates 1962 ). The cases were followed up again and the survivors were re-examined in 1964. Only the 70 cases of hydrocephalus unassociated with spina bifida were analysed for this study.
The mean intelligence quotient of the whole sample was almost the same as it was in 1958, but the distribution of results differed, with more of normal intelligence and more ineducable, at the expense of the educationally subnormal group. In the majority of individuals (40) the intelligence quotient had not changed significantly (a difference of less than 10 points between the two testings), but in 15 there was an apparent improvement, while 10 had deteriorated, including all those whose intelligence quotient was below 30 in 1958 (Laurence & Coates 1967) . Except for those with intelligence quotients below 20, those with more severe hydrocephalus were on the whole more mentally handicapped. However, several patients with severe hydrocephalus (cerebral mantle of I cm or less) had normal intelligence quotients and no physical handicap, while others with lesser hydrocephalus were retarded.
The more markedly hydrocephalic suffered more often from neurological symptoms such as tremor, clumsiness, spasticity and imbalance. They also showed more scatter in the results of the various intelligence sub-tests and scored low in the block design test, both features thought to be indicative of brain damage. These patients tended to have a shallow intellect and to be regarded as chatter-boxes. They were easily upset and sometimes performed below expectation. Although a number of patients were perfectly normal in all respects in spite of quite marked hydrocephalus in infancy some, although normal on examination and testing, were not as competitive as normal individuals. For instance, some were unable to keep a job. These handicaps suggest that even in some apparently relatively unharmed patients, brain damage had occurred.
Brain damage may result from the condition that led to the hydrocephalus, such as meningitis, birth trauma or anoxia, or from the thinning of the cerebral mantle. The first cause certainly accounts for most of the 15 patients with very low intelligence quotients. It also probably accounts for the focal neurological signs seen in 11 additional patients, all of whom showed other evidence of brain damage. That cortical thinning causes brain damage is suggested by the loose relationship between intelligence quotient and hydrocephalus, but this cannot be a very potent cause because of the numerous exceptions to the rule. However, to minimize possible brain damage due to the latter, surgery for the relief of hydrocephalus is imperative in all cases where the hydrocephalus is progressive, but some temporization may be permissible in doubtful cases in order to ascertain whether the condition has become arrested.
It was concluded that:
(1) Many patients are brain damaged because of the underlying pathology that led to the hydrocephalus, and cortical thinning is thought not to be the most potent cause of deficit.
(2) Unless brain damage was severe, patients maintain reasonable mental development.
(3) Many patients show evidence of overt or subtle brain damage and some function below their apparent capabilities.
(4) There is a correlation between the degree of hydrocephalus and intelligence with the more severe hydrocephalics having a lower intelligence test score. (5) There is a negative correlation between physical disability and intelligence with the more severely disabled also being more retarded. (6) With increasing hydrocephalus more patients exhibit spasticity, clumsiness and ataxia.
